To investigate the antihyperglycemic and antihyperlipidemic effect of Momordica charantia (Karala), the aqueous extract of the Karala fruit was tested on streptozotocin (STZ)-induced diabetic rats. Thirty six albino rats were used in the experiment, 30 diabetic and the remaining six as negative control (T 1 ). Diabetes was induced by administering (injecting) STZ at dose of 55mg/kg body weight. Thirty diabetic animals were randomly divided into five groups such as diabetic control group (T2) without any application of treatment, and groups T 3 ,T 4 ,T 5 and T 6 were treated with aqueous extract of Karala fruits daily at the doses of 250, 500 and 750mg/kg and glibenclamide (at a dose of 5mg/kg body weight) respectively. The body weight was taken and blood samples were collected from individual animal to determine glucose levels at 15 day interval up to 90 days. In addition, Asparate Transaminenase(AST), Alanine Transaminenase(ALT), Alkaline Phosphatase(ALP), Total cholesterol (TCh) and Triglyceride (TGA) were determined at day 15 and at the end of the experiment. All three doses of Karala extracts reduced diabetic induced blood sugar and the reduction is comparable with standard glibenclamide (GLM) dose particularly with higher doses Karala extracts (500 and 750mg). Karala also prevented body weight loss due to induced diabetes as did by GLM treatment.. The treatment also resulted in a significant reduction of Asparate Transaminenase(AST), Alanine Transaminenase(ALT), Alkaline Phosphatase(ALP), Total cholesterol (TCh) and Triglyceride (TGA) activities of treated rats when compared to the STZ induced diabetic rats. Higher doses of Karala (500 and 750mg/kg) are as effective as standard GLM dose on measured variables. This study demonstrated that Karala has hyperglycemia and antihyperlipidemic effect against STZ induced diabetic rats. These findings open the possibility of using Karala extract to treat diabetic animal and human patients although further research is warranted.
Introduction
Diabetes mellitus is a complex disorder that characterized by hyperglycemia resulting from malfunction in insulin secretion and/or insulin action both causing by impaired metabolism of glucose, lipids and protein (Scheen, 1997) . The chronic hyperglycemia of diabetes is associated with long term damage, dysfunction and failure of various organs such as kidney and eyes (Lyra et al., 2006) . In diabetic rats, the utilization of impaired carbohydrate leads to accelerate lipolysis, resulted in hyperlipidemia (Morel, D.W. and G.M. Chisolm, 1989 and Granner, D.K., 1996) and other complications related to lipid metabolism. Diabetes also increase the risk of heart and blood vessel diseases and increase GOT, GPT, total cholesterol (TC) and triglyceride (TG) in the blood at various levels (King et al. 1998) .
Despite the presence of known antidiabetic medicine in the pharmaceutical market, diabetes and the related complications continued to be a major medical problem. Recently, some medicinal plants have been reported to be useful in diabetes worldwide and have been used empirically as antidiabetic and antihyperlipidemic remedies (Mitra et al, 1996; Bhattaram et al., 2002; Huang et al., 2005; ) . Antihyperglycemic effects of these plants are attributed to their ability to restore the function of pancreatic tissues by causing an increase in insulin output or inhibit the intestinal absorption of glucose or by facilitating of metabolites in insulin dependent processes. More than 400 plant species having hypoglycemic activity have been available in literature (Oliver-Bever, 1986; and Rai,1995) . However, searching for new antidiabetic drugs from natural plants is still attractive because they contain substances which take alternative and safe effect on diabetes mellitus. Most of plants contain glycosides, alkaloids, terpenoids, flavonoids, cartenoids, etc. , that are frequently implicated as having antidiabetic effect (Loew, D. and M. Kaszkin, 2002) .
M. charantia (MC)LINN
, commonly referred to as bitter melon, bitter gourd, balsam pear, or karala, belongs to the Cucurbitaceous family. It a climbing plant, cultivted throughout Southern Asia. Its fruits are very cheap and available throughout the year. Immature fruits are used to prepare different dishes for human consumption. There are two varieties of this fruits based on size and shape. The large variety is long, oblong and pale green in color. The other one is small, little oval and dark green in color. Both the varieties are bitter in taste. The pulp is blood red or scarlet after dehiscence. The seeds are dappled, flat, thick notched margin, red aril in morphology and it is white color in raw fruits and become red when they are ripe. The entire plant has been reported to contain a trace amount of alkaloids, glycosides, saponins and orthophthalic acid, Charantin, an insulin-like peptide has been reported in this plant (Chevallier, 1996) . Different parts of these plants have been used in medicine for a number of ailments besides diabetes. (Ganguly and Das, 2000; Jayasooriya et al., 2000) .
Hence, in the present study the aqueous extracts of M. charantia friuts, were evaluated for the potential antidiabetic and antihyperlipidemic effect on streptozotocin -induced diabetic rats and compared with the effect with glibenclamide, a standard antidiabetic medicine. The effect of the plant extract M. charantia on blood glucose, body weight (BW), GOT, GPT, total cholesterol (TC) and triglyceride (TG) in the blood were determined.
Materials and Methods
Streptozotocin was obtained from Sigma Chemical Co., St Louis, U.S.A and tablets dibenol® from Square Pharmaceuticals, Bangladesh, and each dibenol® tablet contains 5mg glibenclamide. Fresh unripe fruits of M. charantia (Karala) were procured from the Kamal Ranjit market, BAU campus, Mymensingh.Karala fruits were carefully and thoroughly washed in tap water. The fruits were sliced into two halves and the seeds were removed manually, then the fleshy parts were cut into small pieces. Then one kg seedless flesh was put in to an electric juicer and make juice now it filtered through a piece of clean silk cloth.
Thirty six apparently healthy mixed albino rats, Long Evens strain (Ratus norvegicus) weighting between 150-200gm used in this experiment All the rats were kept in an animal housed in grilled cages at room temperature 21-23º C , humidity 45-50% and maintained under a constant twelve hours light and dark cycle. Animal feed, used in this experiment was procured from the International Center for Diarrheal Disease Research, Bangladesh (ICDDRB), Mohakhali, Dhaka. Prior to the commencement of the experiment, all the rats were acclimatized to the new environment for a period of 15 days. After overnight fasting, fresh solution of Streptozotocin was injected to experimental animals single intraperitoneally at the dose of 55mgkg -1 body weight in a volume of 1ml/kg body weight (Chattopadhyay et al., 1997) . The control rats were injected the same amount of 0.1 M sodium citrate buffer. The animals were allowed to drink 5% glucose solution overnight to reduce the drug-induced hypoglycemic mortality. After a week of streptozotocin administration, fasting blood glucose levels were determined by accu-check (strip method). The rats showing glycosuria and hyperglycemia (blood glucose range of above 250 mg/dl) were considered as diabetic rats and used for the further experiments. The change in the body weight was observed throughout the treatment period in the experimental animals.
Experimental design
In the experiment, a total of 36 rats (30 diabetic surviving rats, 6 normal rats) were used. The rats were divided into six groups of six rats each after the induction of Streptozotocin diabetes. Group T 1 : normal rats. Group T 2 : diabetic control rats. Group T 3 :diabetic rats given extract of M. charantia fruits @ 250mg/kg bd wt., Group T 4 : diabetic rats given extract of M. charantia fruits @ 500mg/kg bd wt., Group T 5 : diabetic rats given extract of M. charantia fruits @ 750mg/kg bd wt., Group T 6 : diabetic rats given dibenol® (glibenclamide) @5mg/kg bd wt.
Administration extracts and drug
Group T 3 , T 4 and T 5 diabetic rats were treated aqueous extract of M. charantia (Karala) fruits at the doses of 250, 500 and 750mg/kg body weight respectively. Group T 6 diabetic rats were treated with aqueous solution of dibenol® (glibenclamide) @5mg/kg body weight. All the doses were started orally administrated by an intragastric tube to the rats except the normal and diabetic control up to day 90. No detectable irritation or restlessness was observed after each drug administration.
Collection of blood for biochemical assays
For determination of biochemical parameter fasting blood samples were collected from the tail tip of each rat and blood was collected in the sterile glass test tubes. The blood containing tubes were placed in a slanting position at room temperature for 4 hours. The tubes were then incubated overnight in the refrigerator (4°C). The serum samples were separated and centrifuged to get rid of unwanted blood cells. Serum samples were stored at -20°C until further analysis. The method used for biochemical assays are tabulated in Table 1 . (Trinder, 1969) . Tietz, 1990) .
Serum urea [[[ (Fawcetl. and Soctt. 1960 ).
Serum creatinine (Tietz, 1987) using (Jaffe's 1886)
Serum uric acid [[ (Barham. and Trinder. 1972 ).
Statistical analysis
All recorded and calculated data were subjected to analysis of variance (ANOVA) in a completely randomize design (CRD) using MSTAT computer package (Freed, 1992) . Multiple Range Test was performed to compare mean differences among treatments (Duncan, 1955) . The effect of dose was evaluated using linear regression analysis.
Results

Body weight
The BW of diabetic rats (Group T 2 ) was significantly lower than negative control rats (Group T 1 ), in fact, there was no increase in BW with age of rats in the diabetic rats. The BW of treated groups (Groups T 3 , T 4, T 5, and T 6 ) was higher than untreated diabetic group (T 2 ) all along. The BW of treated groups T 4, T 5, and T 6 is comparable to negative control group throughout the life of the experiment (Table 2) . 
Blood glucose levels
The fasting blood glucose (FBG) level negative control group (T 1 ) was the lowest in all measurement days, whereas untreated diabetic group (T 2 ) had the highest FBG and remained the highest throughout the experiment ( Table 3 demonstrates the level of TCh and TGA in serum of normal and experimental groups of rats. A significant elevation of TCh(26.60%) and TGA(47.02%) was observed in diabetic rats group (T 2 ), when compared with the normal control (T 1 ) at the end of the experiment (day 90).
Blood serum TCh and TGA
Treatment with M. charantia fruits extracts glibenclamide decreased TCh levels of groupT 3 (12.88%), groupT 4 (14.44%), groupT 5 (17.21%), and groupT 6 (30.17%),TAG levels of groupT 3 (30.30%), groupT 4 (33.84%), groupT 5 (37.43%), and groupT 6 (53.09%) respectively at the time of 90 days when compared with the diabetic control rats. 
Effect of M. charantia on serum Asparate Transaminenase (AST), Alanine Transaminenase (ALT), Alkaline Phosphatase(ALP)
Discussion
STZ is the drugs that selectively destroy β-cells, insulin producing pancreatic endocrine cells, and thus induce experimental diabetes mellitus (Hsu and Crump 1989; Brenna et, al; . The possible mechanism by which MC fruits bring about its hypoglycemic action may be potentiating the insulin effect of plasma by increasing either the pancreatic secretion of insulin from the β-cells of pancreatic islets or directive protection of β-cells (Krawinkel and Keding, 2006) .
The dose-dependent hypoglycemic effect of M. charantia fruits detected in the present study considered as the direct evidence that MC fruits has relatively favorable anti-diabetic effects. More favorable effects were detected in group(T5) MCFEt750mg/kg bd wt decrease of the blood glucose levels compared to that of other treated groups in this study. Our findings are similar to those reported previously including Ojewole et al. (2006) ; Miura et al.(2004); and Shibib et al. (1993) . STZ induced diabetes is characterized by severe loss in body weight (AlShamaony et,al; However, it did not normalize the body weight completely as it remained lesser than normal control rats. (Chen and Ianuzzo 1982) . In the present work STZ diabetic rats exhibited marked hypercholesterolemia and hypertri-glyceridmia. Our results are in accordance with the findings of Mathe (1995), Ulicna, et al. 1996) and Wasan et al. (1998) who recorded marked increases of serum cholesterol and triglycerides levels and abnormalities in lipoprotein levels in alloxan and streptozotocin diabetic animals. These abnormalities certainly play a role in the increased risk for cardiovascular disease (Tsutsumi et al., 1995) . Treatments of STZ diabetic rats in the present study observed that with MC doses produced marked decreases of serum triglycerides; total cholesterol level which was depended with dose concentrations. These observations indicate that the hypocholesterolemic action of the MC extracts is attributed to the ability to suppress cholesterol biosynthesis. Furthermore, correlation between insulin levels, triglycerides and cholesterol fractions underline the important role of the hormone in the control of blood lipid levels. Indeed hepatic VLDL triglyceride synthesis and secretion are regulated by insulin (Marles and Faresworth, 1995) .
In agreement with our results, (Seham et al., 2006; Sathishseker and Subramamian. 2005 ) (-19.75, -22.56 and -27 .95 % respectively, P< 0.01). STZ induced diabetic rats a highly significant increase in ALT activity by (87.09%, P< 0.01) as compared with normal control ones. The administration of aqueous extracts of M. charantia STZ diabetic rats significantly improved the ALT activity by (-15.37, -16.68 and -22 .25%, respectively, P< 0.01) as compared to normal diabetic group (Table  4) . Compared with in treated groups the rate of reduction was found in group (T 5 )-MCFEt-750mg/kg bd.wt., From Table 4 it was also found that significantly increased the alkaline phosphatase activity in STZ diabetic rats (+87.08, P <0.01). On the other hand, STZ diabetic rats treated with different doses of MC extracts 250, 500,750mg/kg bd.wt., exhibited significant change in alkaline phosphatase compared to untreated diabetic rats (-15.37, -16.68 and -22 .25% P< 0.01). Accelerated gluconeogenesis, negative nitrogen balance and muscle wasting are among the hallmarks of uncontrolled diabetes (Buse et al. 1972) . There is a catabolism of branched amino acids and alanine release by skeletal muscle (Odessey et al.1972) . Glutamate is an obligate precursor of alanine and glutamine production by muscles. The later two amino acids comprise more than 50% of all the amino acids released by the muscle, alanine being the preferred amino acid precursor of gluconeogenesis in the liver and glutamine in the kidney (Cahill et al. 1972) . A close association between ALT activity and diabetse has been reported by Ohleson et al. (1988) . The activity of AST and ALP were enormously elevated (P<0.01) by 46% and 87.09% respectively in uncontrolled diabetes from that of normal, indicative of enhanced gluconeogenesis in uncontrolled diabetes.
A number of researchers have reported that the extract of the unripe fuits and seeds of MC reduced AST and ALT.( Abd El Sattran El Sathishsekar and Subramamian 2005, and Senanyake et al. 2004) . Our data were a good agreement with other investigators (Sathishsekar and Subramamian 2005) who stated that the positive effects of MC extracts on insulin activity suggested possible role of this MC extract in improving AST and ALT levels in diabetic rats. It was reported by Mujeeb et al (2009) antidiabetic activity of A. squamosa root extract in STZ induced hyperglycemia in rats. STZ induced diabetes mellitus and insulin deficiency lead to increased blood glucose level. When A. squamosa root extract was administered to diabetic rats, hypoglycaemia was observed after 2 hrs, with the maximum effect being seen at 6 h. From the results it is assumed that the root extract could be responsible for stimulation of insulin release and observed restoration of blood glucose level. Further, the observed decreased blood glucose lowering effect of the extract in STZ induced diabetic rats could also possibly be due to increased peripheral glucose utilization. It has been reported that using medicinal plant extract to treat STZ-induced diabetic rats results in activation of ß-cells and insulinogenic effects . The antihyperglycemic activity of the Aq. extract of Annona squamosa roots was comparable with glibenclamide, a standard hypoglycaemic drug. The results of this study has a great resemblance with our present study in term of efficacy. The activity of alkaline phosphatase in the various groups represented in Table 4 showed an incredible increase in diabetic control by 87.08% (p<0.01) when compared to normal control. Increased activities of phosphatases in diabetes may affect the transport of metabolites across the membrane due to alteration in dephosphorylation reactions. Enhanced levels of phosphatases cause increased intracellular inorganic phosphate, which further affects the efficiency of ionic pumps which is reflected in decreased activities of Na+ K+ ATPases in diabetes (Sailaja, 2000) .
M. charantia fruits extract treatment brought down such elevated levels of ALP significantly (p<0.01) by 15.37, 16.68 and 22.25% in case of doses 250, 500, and 750mg/kg bd.wt.,. Tennekoon, et al. (1994) has been reported that oral administration of M. charantia fruit juice and seed extract daily @1ml/100g body weight for 30 days significantly reduced alkaline phosphatase concentrations in the liver of rats. So that the results of the present study have supported the finding of (Tennekoon et al. 1994) in diabetic rats treated with M. charantia fruits juice and seed extract. In conclusion, on the basis of our results the treatment of M. Charantia fruits has hyperglycemia and antihyperlipidemic effect against STZ induced diabetic rats. It was dose dependent, but it was not highly effective in comparison of glibenclamide. The actual ingredient(s) present in this extract for such correction is not delineated from this present study. Further investigations are in progress to elucidate the detailed mechanism of hypoglycemic and hypolipidemic effects in STZ induced diabetic rats.
